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In previous work (Jones, Infect. Immun. 30:78-89, 1980) a major cytoplasmic
antigen of Candida albicans was identified. In both humans and experimental
aniimals, this antigen is released from C. albicans during the course of an invasive
C. albicans infection and elicits a specific antibody response. In this study, we
used diethylaminoethyl cellulose chromatography and concanavalin A-Sepharose
chromatography to obtain purified preparations of the major cytoplasmic antigen
from crude cytoplasmic extracts of C. albicans. Column chromatography yielded
a purified preparation of the major cytoplasmic antigen, which produced a single
line in polyacrylamide gel electrophoresis. Using crossed immunoelectrophoresis,
we detected small concentrations of contaminating antigens in the purified
preparation. We found that the major antigen was a single polypeptide chain
containing about 435 amino acid residues and had a molecular weight of 54,300.
This antigen did not possess any of 19 common enzymatic activities. Enzyme-
linked immunosorbent assays are being developed to detect this antigen in serum
and to detect antibody against the antigen.

Severe Candida infections are major causes
of morbidity and mortality in immunocompro-
mised patients (4). However, despite increasing
clinical awareness of this problem, the diagnosis
of deep-seated Candida infections remains a
great challenge (4, 10, 13). Numerous investiga-
tors have described serological tests which are
used to facilitate the diagnosis of Candida infec-
tions. One of the most widely studied serodi-
agnostic techniques is based on the detection of
antibodies to unidentified components in ho-
mogenates of Candida albicans. Such homoge-
nates contain significant amounts of cell wall
mannan (9,18,25,43), as well as a complex array
of cytoplasmic antigens (1). Stallybrass (38) and
Taschdjian et al. (42) were among the first to
use such homogenates to test for precipitating
antibodies in human sera by agar gel diffusion.
Other techniques for measuring antibodies to
such cytoplasmic antigens have also been de-
veloped; these include a latex agglutination
test (40), counterimmunoelectrophoresis (35),
crossed immunoelectrophoresis (1), a radioim-
munoassay (18), and quantitative immunofluo-
rescence (6). Recently, a radioimmunoassay for
detecting the cytoplasmic antigens has been de-
scribed (39). Conflicting conclusions concerning
the diagnostic sensitivities and specificities of
these techniques as applied to human sera have
appeared (3, 7, 9-12, 14, 17, 21, 27, 28, 33, 34, 43).

Explanations for this controversy emphasize dif-
ferences between various antigen preparations,
testing methods, and patient populations. Sev-
eral authors (2, 6) have proposed that production
of a well-characterized cytoplasmic antigen of
Candida would be a major step toward devel-
opment of a diagnostic test with good sensitivity,
specificity, and reproducibility.

Previously, Jones described a cytoplasmic ex-
tract of C. albicans and an ammonium sulfate-
soluble fraction of this extract (18). The sulfate-
soluble fraction was found to be enriched for a
major cytoplasmic antigen of C. albicans. Jones
developed a radioimmunoassay in which '"I-la-
beled sulfate-soluble fraction was used to mea-
sure antibody that was directed primarily
against this major antigen (18). This technique
showed that a major antigen released from C.
albicans in experimentally infected rabbits or
infected humans elicited a specific antibody re-
sponse (19). Thus, it is clear that a purified
preparation of the major cytoplasmic antigen
should enable the development of immunoas-
says which are truly specific for the detection of
antibody against this antigen.

In this paper we describe a method for pro-
ducing such a purified major cytoplasmic anti-
gen preparation. We analyzed the purity of this
preparation by biochemical and immunological
methods and characterized the antigen further.
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MATERIALS AND METHODS
Source and culture of organism. Cultures of C.

albicans type A strain B311 were obtained as previ-
ously described (18). A seed culture was inoculated
into 100 liters of Sabouraud dextrose broth (Difco
Laboratories, Detroit, Mich.) in a 200-liter fermentor.
After incubation at 300C for 18 h with constant stirring
and injection of room air, the cells were harvested
with a Sharples centrifuge, washed with distilled wa-
ter, and again collected by centrifugation. The result-
ing paste was stored at -60°C.
Preparation ofantigens. The cells were fractured

by passage through a French press at 700 to 1,060 kg/
cm2, and the supernatant crude extract was separated
from the cell walls by centrifugation at 12,000 x g for
30 min. Unless otherwise stated, this crude extract was
used for the chromatographic purification described
below.

For other experiments, a cytoplasmic extract and
an ammonium sulfate-soluble fraction of this extract
were prepared as previously described (18). The cell
walls were used to produce cell wall mannan by the
method of Peat et al. (32), with the modifications
described by Sakaguchi et al. (36).
A series of experiments were performed to deter-

mine the optimal conditions for the purification of the
major cytoplasmic antigen by diethylaminoethyl
(DEAE)-cellulose (Sigma Chemical Co., St. Louis,
Mo.) column chromatography. In the first experiment,
a 200-ml DEAE-cellulose column was used. In all
subsequent experiments, a cylindrical glass column
(inside dimensions, 39 by 7 cm) filled with 1 liter (wet
volume) of DEAE-cellulose was used. DEAE-cellulose
chromatography was conducted at room temperature
at a flow rate of approximately 200 ml/h. The ultra-
violet transmittance of the column eluate was mea-
sured continuously by a model 8300 Uvicord H column
recorder system (LKB, Bromma, Sweden). Pools of
column eluate were concentrated by membrane ultra-
filtration (Diaflo Ultrafilters; type YM 5000; Amicon
Corp., Lexington, Mass.), extensively dialyzed against
distilled deionized water, lyophilized, and stored at
-20°C. The material obtained by DEAE-cellulose
chromatography which contained predominantly the
major cytoplasmic antigen was subjected to further
purification to remove contaminating cell wall mannan
by affinity chromatography on concanavalin A linked
to Sepharose by an adaptation of the method of Ell-
sworth et al. (5). The solution containing material that
did not bind to concanavalin A-Sepharose was concen-
trated, dialyzed, lyophilized, and stored as described
above. The resulting material is referred to below as
purified major antigen.

Production ofantisera. Antisera to cell wall man-
nan and cytoplasmic extract were produced as previ-
ously described (18). Antiserum to purified major cy-
toplasmic antigen was produced in New Zealand white
rabbits by two biweekly intramuscular injections of
0.5 mg of major antigen in 0.5 ml of Freund complete
adjuvant, followed by biweekly intramuscular admin-
istration of 0.1 mg of purified major antigen in 0.5 ml
of Freund incomplete adjuvant.

For the enzyme-linked immunosorbent assay, an
immunoglobulin G fraction of anti-mannan serum was

prepared by Na2SO4 precipitation and DEAE-cellulose
chromatography (18).
PAGE. Horizontal thin-layer polyacrylamide gel

electrophoresis (PAGE) was performed by the method
of Fehrnstrom and Moberg (8). A single-phase gel
containing 3.5% polyacrylamide in tris(hydroxy-
methyl)aminomethane (Tris)-glycine buffer was used.
Sodium dodecyl sulfate (SDS)-PAGE was per-

formed by a modification of the method of Laemmli
(23). Horizontal thin-layer gels containing 3% poly-
acrylamide (stacking gel) and 10% polyacrylamide
(separation gel) in Tris-glycine buffer containing 0.1%
SDS were used. The molecular weight markers (Dal-
ton Mark VI; Sigma Chemical Co.) used were bovine
plasma albumin (molecular weight, 66,000), ovalbumin
(45,000), pepsin (34,700), trypsinogen (24,000), ,B-lac-
toglobulin (18,400), and lysozyme (14,300). The molec-
ular weights of test materials were calculated by com-
paring their electrophoretic mobilities with the mobil-
ities of the molecular weight marker proteins.

Immunoelectrophoresis. Immunoelectrophoresis
was performed by the method of Weeke (45), using
glass plates (9.4 by 8.3 cm) and 1% agarose (type I;
Sigma Chemical Co.) in barbital buffer (pH 8.6; ,u =
0.02). Fused rocket immunoelectrophoresis, crossed
immunoelectrophoresis, and crossed-line immunoelec-
trophoresis were performed by modifications of the
techniques of Svendsen (41), Weeke (46) and Guinet
and Gabriel (15), and Kroll (22), respectively.
Compositions of antigen preparations. The

protein concentrations of various antigen preparations
were determined by the Folin phenol method, using
bovine serum albumin as the standard (26). Carbohy-
drate concentrations were determined by the orcinol
method, using mannose as the standard (20).
To detect and quantitate cell wall mannan in anti-

gen preparations, we used a double antibody sandwich
enzyme-linked immunosorbent assay similar to that
described by Harding et al. (16). Plastic microtiter
plate (Flow Laboratories, Hamden, Conn.) wells were
each coated with 5 ,ug of rabbit anti-cell wall mannan
immunoglobulin G diluted in 100 pl of phosphate-
buffered saline (0.02 M sodium phosphate, 0.14 M
NaCl, pH 7.5) by overnight incubation at 37°C. The
plates were flooded with wash solution (0.005 M so-
dium phosphate, 0.14 M NaCl, 0.2% bovine serum
albumin, 0.05% polyoxyethylene sorbitan monolaur-
ate, pH 7.5) and aspirated dry. Serial twofold dilutions
of a standard cell wall mannan solution or the sample
being analyzed in 50-id portions of phosphate-buffered
saline containing 0.02% polyoxyethylene sorbitan
monolaurate were added to the wells of the plates.
The plates were incubated at 37°C for 30 min, allowed
to stand at room temperature for 90 min, flooded with
wash solution, and aspirated dry; 50 pl of phosphate-
buffered saline containing rabbit anti-mannan immu-
noglobulin conjugated with horseradish peroxidase
(type VI; Sigma Chemical Co.) by the periodate
method (47) was added to each well. The optimal
dilution of each batch of conjugated antibody was
determined by preliminary experiments (44). The
plates were again incubated at 37°C for 30 min, al-
lowed to stand at room temperature for 30 mi,
washed, and aspirated dry. A 100-pl portion of 2,2'-
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CANDIDA CYTOPLASMIC ANTIGEN 471

azino-di-3-ethylbenzthiazolinesulfonic acid (Sigma
Chemical Co.) enzyme substrate solution (0.4 M 2,2'-
azino-di-3-ethylbenzthiazolinesulfonic acid and 0.5 M
H202 in 0.05M sodium citrate, pH 4.0) was added, and
the reaction was allowed to proceed to good color
development at room temperature and then stopped
by adding 100 p1 of a solution containing 0.001 M
edetic acid and 0.1 M hydrofluoric acid in 0.01 M
NaOH (37). The optical density of each sample was
then determined at 414 nm with a microsampling
spectrophotometer (model 300-N; Gilford Instrument
Laboratories, Inc., Oberlin, Ohio). The concentration
ofmannan in the sample was calculated by comparison
with the optical densities of the serial dilutions of the
mannan standard.
The cytoplasmic extract and purified major antigen

were tested semiquantitatively for 19 enzyme activities
by using a commercially available enzyme test system
(API ZYM enzyme substrate system; Analytab Prod-
ucts, Plainview, N.Y.).
An amino acid analysis of purified major antigen

was performed at the Amino Acid Analyzer Facility,
Biophysics Department, University of Wisconsin,
Madison. After hydrolysis (29), the amino acid com-
position was determined by using a standard auto-
mated technique (24). The number of moles of each
amino acid per mole of purified major antigen protein
was calculated, based on a molecular weight range of
major antigen determined by SDS-PAGE. As the tryp-
tophan content could not be determined by the
method used, we assumed for these calculations that
no tryptophan was present.

RESULTS
Determining conditions for purification

of the major antigen. Since the major antigen
had a less negative charge than most other cel-
lular components, as judged by PAGE (18), we
performed experiments to determine the optimal
conditions for purification by using DEAE-cel-
lulose (positively charged solid-phase) chroma-
tography.

In the first experiment, cytoplasmic extract
was loaded onto a 200-ml DEAE-cellulose col-
umn equilibrated with 0.067 M Tris (Trizma
Base; Sigma Chemical Co.) titrated to pH 7.5
with HCl (Tris buffer; ionic strength, 0.10). After
a peak of ultraviolet-absorbing material eluted
from the column, the material which remained
attached to the DEAE-ceilulose was eluted with
Tris buffer containing a continuously increasing
concentration gradient of NaCl (Fig. 1A). Indi-
vidual fractions of eluate were then tested by
fused rocket immunoelectrophoresis against rab-
bit anti-cytoplasmic extract serum. A prominent
precipitin arc was produced by the fractions
collected from the point just after the beginning
of the NaCl gradient through the point at which
the eluant was Tris buffer containing 0.04 M
NaCl (ionic strength, 0.14). Several other anti-
gens were detected in the fractions that were
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FIG. 1. Elution patterns of DEAE-cellulose chro-
matography columns. (A) A total of 200 mg of cyto-
plasmic extract (CYE) was added to a column and
then eluted with Tris buffer containing a continuous
NaCl gradient. Each fraction contained 2 ml of
eluate. mAg, Major antigen. (B) A total of 400 mg of
crude Candida extractprotein was added to a column
and eluted initially with Tris buffer. Beginning at a,
the eluant was Tris buffer containing 0.04 NaCI;
beginning at b, the eluant was Tris buffer containing
0.2 M NaCI. (C) A total of 400 mg of crude Candida
extract protein was added to a column and eluted
initially with Tris buffer containing 0.01 M NaCl.
Beginning at a, b, and c, the eluants were Tris buffer
containing 0.04, 0.2, and 2M NaCl, respectively. The
numbered rectangles in (B) and (C) indicate the col-
umn pools collected.
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collected as the ionic strength was increased vealed thai
further. In a previous paper (18), a sulfate-solu- precipitate
ble fraction was shown to be enriched for the pool 2. Bol
major cytoplasmic antigen. When the sulfate- produced
soluble fraction was studied by rocket immuno- visible befi
electrophoresis against anti-cytoplasmic extract, Prepars
it produced a number of precipitate peaks; the The comp
most prominent of these was the major antigen. gen in po4
When column fractions obtained by elution with that was a
buffers having ionic strengths of 0.10 to 0.14 major antil
were compared with the sulfate-soluble fraction would not
by fused rocket immunoelectrophoresis, the an initial c
most prominent precipitate peak in each fraction slightly gi
fused with the major antigen precipitate peak. series of tr
Thus, as Fig. 1A shows, the major antigen was Tris buffei
eluted from the DEAE-cellulose column which elution wit
we used with eluants having ionic strengths of (Fig. 1C) E
0.10 to 0.14. which pro

Therefore, a stepwise elution of the crude PAGE (Fij
cytoplasmic extract from a 1-liter DEAE-cellu- major anti
lose column was performed (Fig. 1B). Pools of of the maj
eluate were compared with cytoplasmic extract A furthe
by PAGE (Fig. 2A) and with the sulfate-soluble contained
fraction by fused rocket immunoelectrophoresis carbohydri
against rabbit anti-cytoplasmic extract. Both of mannan, a
these techniques showed that the eluate pool immunosoi
obtained with the Tris buffer containing 0.04 M nating mai
NaCl (Fig. lB, pool 2) was greatly enriched for affinity chu
major antigen and contained virtually all of the Sepharose.
major antigen recoverable, although other com- from pool
ponents were also detected in this pool by represente4
PAGE. Crossed immunoelectrophoresis analy- of the crud
ses of the cytoplasmic extract (Fig. 3A) and pool Purified
2 (Fig. 3B) against anti-cytoplasmic extract re- carbohydri
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a large precipitate peak which was
ore staining.
ation of purified major antigen.
onents contaminating the major anti-
ol 2 had an electrophoretic mobility
slightly less than the mobility of the
igen, suggesting that these components
;be retained by the DEAE-cellulose if
olumn eluate having an ionic strength
reater than 0.10 were used. After a
ials, we found that initial elution with
r containing 0.01 M NaCl followed by
th Tris buffer containing 0.04 M NaCl
enabled us to collect a pool (pool II)
duced a single protein band during
g. 2B) in the position expected for the
igen. Other pools also contained some
jor antigen.
er analysis of pool II revealed that it
approximately 50% protein and 50%
ate including substantial amounts of
is determined by an enzyme-linked
rbent assay. Therefore, the contami-
nnan was removed from pool II by
romatography with concanavalin A-
The yield of purified major antigen
II was 36.7% of its dry weight and
d 1.4% of the original protein content
le cytoplasmic extract.
major antigen contained less than 5%
ate. When a bovine serum albumin
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FIG. 2. Patterns ofprotein-staining bands obtained by horizontal thin-layer PAGE and SDS-PAGE. The
position of the anode is indicated by a plus sign. The gels were stained with Coomassie brilliant blue R-250.
The dry weights of the materials applied to the tracks of the gels were as follows. (A) Comparison of a 200-pg
sample of cytoplasmic extract (lane CYE) with 100-pg samples of pools 1, 2, and 3 (lanes 1, 2, and 3,
respectively) obtained as described in the legend to Fig. 1. (B) Comparison ofa 200-pg sample of cytoplasmic
extract (lane CYE) with 100-pg samples ofpools IA, IB, II, and III (lanes IA, IB, II, and III, respectively)
obtained as described in the legend to Fig. 1. (C) Comparison of a 135-pg sample of proteins of known
molecular weights (MW) with a 200-pg sample ofcytoplasmic extract (lane CYE) and a 100-pg sample ofpool
II (lane II). A molecular weight scale appears at the left.
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FIG. 3. Croswd immunolectrophoresis of cytoplasmic extract against rabbit anti-cytoplasmic extract
antiserum (10 !tl/cm2). The position of the anode in each dimension is indicated by a plus sign. The position
of the major antigen is indicated by arrowheads. Gels were stained with Coomassie brilliant blue R-250. (A)
Cytoplasmic extract protein (120 pig). First-dimension electrophoresis was conducted at 20 V/cm for 1 h, and
second-dimension electrophoresis was conducted at 3.5 V/cm for 18 h. (B) Pool 2 protein (60 g). First-
dimension electrophoresis was conducted4,at 20 V/cm for 1 h, and second-dimension electrophoresis was
conducted at 1.5 V/cm for 18 h.

standard (15% N) was used, this antigen con-
tained 9.4% N, and its mannan content was less
than 6 ng/mg (dry weight), as determined by an
enzyme-linked immunosorbent assay.
To confirm the identity of the major antigen

with the prominent, densely staining precipitin
peak (Fig. 3A, arrowhead), we performed
crossed-line immunoelectrophoresis between
the cytoplasmic extract and the purified major
antigen preparation against anti-cytoplasmic ex-
tract (Fig. 4).
Detection of contaminants in purified

major antigen. By crossed immunoelectropho-
resis of the purified major antigen preparation
against anti-cytoplasmic extract, it was possible
to identify contaminants which were not de-
tected by PAGE. Thus, in Fig. 5A, three to five
small, faintly staining peaks are present in ad-
dition to the major antigen peak. Since these
contaminants had electrophoretic mobilities
very similar to the mobility of the major antigen
and the areas under the precipitate peaks were
proportional to the magnitude of the antigen-
antibody reaction (45), we determined that the
major antigen accounted for 95% ofthe antigenic
reactivity of the purified preparation.
To detect contaminants in the purified major

antigen preparation that might have been pres-
ent in the cytoplasmic extract in such low con-
centrations that they failed to elicit a specific
antibody response in animals immunized with
the cytoplasmic extract, we produced a rabbit
antiserum to the purified preparation. Crossed
imumunoelectrophoresis of the cytoplasmic ex-
tract against this antiserum (Fig. 5B) again pro-
duced the major antigen peak and three to five

FIG. 4. Crossed-line immunolectrophoresis of120
pg of cytoplasmic extract protein (well) and 45 pg of
purified major cytoplasmic antigen (line) against rab-
bit anti-cytoplasmic extract antiserum (10 Il/cm2).
First-dimension electrophoresis was conducted at 20
V/cm for 1 h, and second-dimension electrophoresis
was conducted at 3 V/cm for 18 h.

smaller, faintly staining precipitate peaks. It is
possible that there were contaminants in the
purified preparation which had electrophoretic
mobilities similar to the mobility of the major
antigen and were not antigenic.
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FIG. 5. Crossed immunoelectrophoresis in which rabbit anti-purified major antigen antiserum was used.
Theplus signs indicate the electrode positions. The gels were stained with Coomassie brilliant blue R-250. (A)
Crossed immunoelectrophoresis of 60 ug ofpool IIprotein against rabbit anti-cytoplasmic extract antiserum
(10 ,ul/cm2). First- and second-dimension electrophoreses were conducted at 20 V/cm for 1 h and 1.5 V/cm for
18 h, respectively. (B) Crossed immunoelectrophoresis of 120 pg of cytoplasmic extract protein against rabbit
anti-purified major antigen antiserum (10,ul/cm2). First- and second-dimension electrophoreses were con-
ducted at 20 V/cm for 1 h and 1 V/cm for 18 h, respectively.

Enzymatic analysis of purified major an-
tigen. Identical amounts of cytoplasmic extract
and purified major antigen were tested for 19
common enzyme activities as another way to
analyze our purification method and to attempt
to identify the function of major antigen. As
Table 1 shows, 11 enzyme activities were de-
tected in the cytoplasmic extract and only 3 were
detected in the purified major antigen, all with
substantially less activity per unit of dry weight.
Therefore these three enzyme activities were
characterized as contaminants; the major anti-
gen itself possessed none of the common enzyme
activities tested.
Characterization of the major cytoplas-

mic antigen. We assumed that the small con-
centration of contaminants detected in the ma-
jor antigen preparation would not noticeably
affect measurements of molecular weight and
amino acid composition of the major antigen.
Purified major antigen gave a single protein
band during SDS-PAGE (Fig. 2C) and had the
mobility expected for a molecule having a mo-
lecular weight of 54,300 (range, 48,900 to 59,700).
Treatment with 2-mercaptoethanol before SDS-
PAGE did not change the electrophoretic mo-
bility, indicating that the major antigen is a
single polypeptide chain. An amino acid analysis
(Table 2) indicated that the major antigen con-
tained approximately 435 amino acid residues,
including one cystine and four methionines.

DISCUSSION
Development of a procedure for obtaining a

purified preparation of major antigen required
consideration of three problems. First, since
more than 30 protein components, many having
charges and electrophoretic mobilities similar to
those of the major antigen, were readily detect-

TABLE ?- Enzyme activities in cytoplasmic extract
and purified major antigen

Amt (nmol) of sub-
strate consumed in
4 h with 30 iLg of:

Enzyme activity
Cytoplas- Purified
mic ex- major
tract antigen

Acid phosphatase 30 5
Alkaline phosphatase 240 10
Chymotrypsin 0 0
Cystine aminopeptidase 10 0
Esterase 0 0
Esterase lipase 5 0
a-Fucosidase 0 0
a-Galactosidase 0 0
,B-Galactosidase 0 0
a-Glucosidase 20 0
ft-Glucosidase 240 0
f,-Glucuronidase 0 0
Leucine aminopeptidase 240 0
Lipase 0 0
a-Mannosidase 10 0
N-acetyl-f6-glucosidase 5 0
Phosphoamnidase 20 5
Trypsin 0 0
Valine aminopeptidase 10 0

able in cytoplasmic extracts (Fig. 2 and 3A), it
was clear that separation methods which de-
pended upon differences in these properties
would not produce perfect results. The second
problem was the presence of cell wall mannan,
a heterogenous collection of molecules with
varying molecular weights and phosphate con-
tents (31), in the cytoplasmic extract (18). The
third problem was the development of a method
suitable for large-scale production of the major
antigen.
We performed experiments to devise a method
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TABLE 2. Amino acid analysis ofmajor antigen in
pool II

No. of residues per
Amino acid mola

Alanine 49 (44-54)
Arginine 12 (11-14)
Aspartic acid 52 (47-57)
Cysteine-cysteine 1 (1)
Glutamic acid 44 (40-49)
Glycine 40 (36-44)
Histidine 7 (6-8)
Isoleucine 23 (21-25)
Leucine 36 (32-39)
Lysine 34 (31-38)
Methionine 4 (4)
Phenylalanine 15 (14-17)
Proline 19 (17-21)
Serine 36 (32-39)
Threonine 26 (24-29)
Tyrosine 13 (12-14)
Valine 24 (21-26)

a Data are expressed as the number of moles of each
residue per mole of major antigen protein, assuming a
molecular weight of 54,300 for major antigen. The
ranges ofvalues are in parentheses and were calculated
by using the lower limit (48,900) and upper limit
(59,700) of major antigen molecular weight as deter-
mined by SDS-PAGE. Assuming that major antigen
is a single polypeptide chain, the molecule contains
435 residues (range, 393 to 479).

to puriffy the major cytoplasmic antigen by step-
wise elution of a crude cytoplasmic extract from
a DEAE-cellulose column. We developed pro-
cedures for producing two different prepara-
tions. The first procedure (Fig. 1B) resulted in
a preparation (pool 2) that contained a high
yield of the major antigen and a number of other
components as well (Fig. 3B). As determined by
PAGE, the major contaminant in this prepara-
tion had slightly less electrophoretic mobility
than the major antigen (Fig. 2A), and, fortu-
nately, it was poorly immunogenic in rabbits,
mice, and humans (18). The high yields of major
antigen obtained by this method might make it
more suitable for large-scale production.
The second purification method (Fig. 1C) re-

sulted in the production of a material (pool II)
which produced a single protein band in PAGE
and SDS-PAGE analyses (Fig. 2B and C). Cell
wall mannan contaminants in this preparation
were removed by concanavalin A-Sepharose af-
finity chromatography. The resulting material
was pure enough to permit initial characteriza-
tion of the major antigen molecule, although
small amounts of five other antigens were de-
tected by crossed immunoelectrophoresis (Fig.
5A). We found that the major antigen is a single
polypeptide chain which has a molecular weight
of 54,300 (Fig. 2C) and is composed of approxi-

mately 435 amino acid residues and the equiva-
lent of one cystine residue; thus, the molecule
probably contains one intrachain disulfide
bridge (Table 2). The major antigen contains 5%
carbohydrate and stains with the periodic acid-
Schiff reagent (18), thus indicating that it is a
glycoprotein. It has been shown that this com-
pound is not expressed on the surface of the
organism (18) and that it does not contain any
of 19 common enzymatic activities (Table 1).
These observations and the high concentration
of this antigen in cytoplasmic extracts suggest
that it may be a structural component of the
organism. Obviously, further studies will be
needed to determine the precise function of this
major cytoplasmic antigen.

In the future we intend to demonstrate that
the major antigen from C. albicans serogroup A
is also present in C. albicans serogroup B and in
Candida tropicalis, another Candida species
which is a major pathogen in compromised hu-
man hosts (48). Previously reported data have
indicated that this compound is released in the
course of deep-seated Candida infections and
that it elicits a specific antibody response (18).
We are presently developing enzyme-linked im-
munosorbent assays to detect this antigen and
its antibodies in human and experimental animal
sera. These enzyme-linked immunosorbent as-
says will be potentially useful tools for serodi-
agnosis of invasive candidiasis and for studies of
the natural history of and immune response to
this type of infection and as monitors of thera-
peutic efficacy. We are also studying the possible
use of the major antigen in delayed-type hyper-
sensitivity skin testing.
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